Introduction
Total joint arthroplasty has historically not been considered an outpatient surgery among the majority of orthopedic surgeons. Some estimate the average cost per hospital stay to be $24,170 for primary total hip arthroplasty. In 2005, in an academic US practice, ALOS for revision versus primary THA was 6.5 and 5.6 days, respectively [1] . A recent study utilizing the national registry in Denmark quoted an average length of stay (ALOS) of 7.4 days after total hip arthroplasty (THA) and 8.0 days after total knee arthroplasty (TKA) [2] . A United States based study in 2004 revealed that a rapid recovery protocol decreased the average length of stay from 3.9 to 2.8 days while also decreasing readmission rates [3] . More recently, an accelerated rehabilitation (AR) protocol reduced ALOS an average of 1.36 days following primary THA (3.38 days for standard rehabilitation and 2.06 days for the AR protocol) [4] . Previous studies have evaluated the use of miniincision THA and ALOS. Mears et al. found no advantage to mini-incision arthroplasty surgery regarding early discharge [5] . Ogonda et al. found that mini-incision THA does not improve early postoperative outcomes [6] . More important than the size of the incision, an aggressive pain protocol and patient education and in-home care preparation are key components to accelerated rehabilitation protocols.
Parvataneni et al. previously demonstrated in a randomized control trial that multimodal pain therapy alongside a periarticular injection could safely and effectively be used as an alternative to conventional pain control modalities [7] . The purpose of this investigation is to report the reduction in ALOS following primary THA and TKA in a US community hospital utilizing an intraoperative periarticular injection and multimodal perioperative pain protocol in conjunction with patient and family preparation for rapid rehabilitation. At our institution in January 2011, we adopted a comprehensive, multidisciplinary approach to total joint replacement. Over a three-and-a-half-year period, we present the results of the implementation of an AR protocol and the effect of ALOS, placement in skilled nursing facilities (SNF), and decreased rehospitalizations, Emergency Department (ED), and Urgent Care (UC) visits within 42 days of the procedure. A secondary outcome is the rate of transfusion.
Materials and Methods
After obtaining approval by the institutional review board, a retrospective review was conducted on a total of 1,268 patients who received a total joint replacement from January 1, 2011, to July 31, 2014 (696 TKA and 572 THA). Demographic data including the age and gender of the patients can be seen in Appendix B, Table 1 . The average age of the patients in the entire cohort is 69. 6 (26-96) . Of the patients in the cohort 35.2% were male and 64.8% were female. A graphical representation of gender can be seen in Appendix B, Figure 1 .
Utilizing the Kaiser Permanente West Los Angeles patient database, patients who had undergone "knee replacement" or "hip replacement" were utilized for the database query between January 2012 and July 2014. This was conducted using the data source system clarity optime. For the query, "knee replacement" included "Knee Replacement Total," "Knee Replacement Revision Total, Cemented," and "Knee Replacement Revision, All Component." "Hip replacement" consists of "Hip Replacement Total," "Hip Replacement Revision, Femoral Component," "Hip Replacement Revision, Both Acetabular And Femoral Component," "Hip Replacement Revision, Total," and "Hip Replacement Revision, Acetabular Liner And Femoral Head." For simplicity, the groups will be referred to as TKA and THA, respectively.
The patient information that was evaluated in this search included the ALOS, transfusion rates, readmission rates to the Urgent Care, Emergency Department, or inpatient hospitalization for the 42 days postoperatively. Secondary outcomes evaluated include discharge location (SNF, home ± home health), PE, DVT, mortality, and deep infection.
A total of four surgeons perform hip and knee arthroplasty surgery at this institution. All four surgeons adopted and implemented the accelerated rehabilitation protocol in January 2011. The advanced rehabilitation protocol involves a multidisciplinary approach to total joint replacement. This comprehensive program is standardized among the participating surgeons, physical therapists, nurses, anesthesiologists, and pharmacy. The key to the success of the program is an integrated system based approach and appropriate education of these multiple teams. Each member plays a crucial part in the success of the AR protocol. The rehabilitation protocol involves preoperative patient education (instruct patient on importance of ambulation on postoperative day 0 and prepare for next day hospital discharge), preoperative pain control administered in PACU, education to the ancillary staff (nursing and therapists) to anticipate a LOS of 24-48 hrs, intraoperative administration of local anesthesia, and physical therapy initiated on postoperative day 0 for transfer and gait training. Please see Appendix A for details.
A protocol to decrease the number of transfusions was also implemented by adopting a standardized protocol including the use of restrictive transfusion triggers. During the preoperative visit, if patients have a hemoglobin (Hb) > 13, no blood donation is required. For patients with a preoperative Hb of 10-13, patients are encouraged to donate 1 unit of blood. Patients with a preoperative Hb < 10 are referred to Internal Medicine for anemia work-up. All patients start iron supplementation (FeGluc 325 mg PO BID) at time of being scheduled for a total joint replacement. At time of surgery, patients without a contraindication are given one weight-based, preoperative dose of tranexamic acid prior to skin incision and one at the conclusion of the procedure in the PACU. Hb and hematocrit are drawn on the morning of POD#1, 2, and 3. Patients are transfused one unit of PRBC if Hb < 7. If Hb is between 7 and 9 and patient is symptomatic (tachycardia at rest or orthostatic hypotension), the patient is first resuscitated with fluids. If symptoms persist after fluid resuscitation, then the patient is transfused with 1 u PRBC. If Hb > 9, then patients are administered fluids only. 
Results
A total of 1,268 patients underwent hip or knee arthroplasty during the study period. There were 696 (54.9%) patients in the TKA group and 572 (45.1%) patients in the THA group.
In analyzing the entire group, the patients stayed a total of 3,725 hospital days with an ALOS of 2.9 days during the study period. With the implementation of the accelerated rehabilitation protocol, the ALOS was decreased from 3.5 in 2011 to 2.4 at the conclusion of the study period in 2014 (see Figure 2(a) ). Postoperatively, 264 (20.8%) patients were discharged from the hospital to a SNF. The trend was for a decreased rate of SNF placement from 2011 to 2014, with 25% of patients discharged to SNF at start of study and 14% discharged at conclusion of the study (see Figure 2(b) ). In total there were 276 (21.8%) visits to the ED, 87 (6.9%) visits to the UC, and 57 (4.5%) rehospitalizations within 42 days of surgery. In 2011, there were 75 visits (24%) to the ED and at the conclusion of the study there were 34 visits (16%) (see Figure 2(c) ). In 2011, there were 10 UC visits (3%) and in 2014 there were 11 visits to UC (5%) (see Figure 2(d) ). The number of IP admissions was 18 (6%) in 2011 and 7 (3%) in 2014.
During the study period, 696 patients underwent TKA, revision, or primary. These patients combined to a total of 2005 days hospitalized after surgery. The ALOS decreased each year from 2011 to 2014, 3.4, 3.2, 2.5, and 2.3, respectively. In 2011 and 2012 the rate of discharge to SNF was 26%. In 2013 and 2014 these numbers decreased to 16% and 13%, respectively. This group had a total of 165 ED visits, 45 UC visits, and 26 inpatient hospitalizations within 42 days of surgery during the study period. In 2011, there were 48 ED visits (25%) and 7 UC visits. In 2014 there were 19 ED visits (16%) and 7 UC visits (6%). The number of inpatient admissions decreased from 11 (6%) in 2011 to 6 (1%) in 2014.
Regarding the THA group, 572 surgeries were conducted during the study period for revision or primary. These patients had a sum of 1720 days hospitalized postoperatively. The rate of discharge to a SNF was 22% and 25% in 2011 and 2012, respectively. These rates decreased to 20% in 2013 and 14% in 2014. The ALOS also decreased from 3.6 in 2011 to 2.5 in 2014. In 2011 there were 27 (22%) ED visits and 3 (2%) UC visits. In 2014 there were 15 (4%) ED visits and 4 (4%) UC visits. There were 7 (6%) IP admissions in 2011 and 6 (6%) IP admission in 2014.
The transfusion rate was analyzed from 2012 to 2014, with 954 patients having undergone total joint replacement. In 2012, 106 (30.1%) patients were transfused. In 2013, 43 (11.1%) patients were transfused and in 2014, 15 (6.9%) patients were transfused (see Figure 2(e) ).
Discussion
Primary total joint arthroplasty is an extremely successful operation with an inherently low risk for complications [8] . The epidemiologic data indicates that the demand for total joint arthroplasty will increase exponentially over time. Khatod et al. previously reported on the increased incidence of TKA from 1995 through 2004 at a rate of 5% per year [9] . Kurtz et al. project that by 2030 the demand for THA will grow by 174% and the demand for TKA will grow by 673% [10] . The increase in demand as well as the already extremely successful nature of the procedure requires that attention and effort be reallocated to the delivery of the perioperative care, including pain control, rehabilitation, and transfusion requirements. It has been shown in the critical care literature that protocols and standardization of medical practice lead to superior outcomes in the care of the critically ill patient [11] . The experience at our institution has been to persistently improve outcomes through the use of standardization in the delivery of care. The field of arthroplasty is particularly well positioned to benefit from standardization. A decrease in the ALOS in the hospital postarthroplasty is one area that can be improved as long as short-term outcomes are not compromised. This study is meant to present the early findings of the administration of a multidisciplinary action to improve the delivery of healthcare surrounding arthroplasty surgery at a single institution. Our findings indicate that the accelerated rehabilitation protocol alongside multimodal anesthesia therapy using an intraoperative periarticular injection can result in a decrease in the ALOS.
The ALOS in our study was reduced from 3.5 to 2.4 upon administration of the accelerated rehabilitation protocol. This required many system modifications to achieve. Some of these modifications include consensus among operating surgeons, anesthesia providers, in-hospital nursing, inpatient PT, home health nursing, and PT as well as preoperative patient education buy-in.
We also found a decrease in acute ED visits from 24% to 16% and a decrease in inpatient readmissions from 6% to 3%. There was no significant change in the number of UC visits. This provides evidence that the adoption of the accelerated rehabilitation program to decrease the ALOS did not shift the burden to the ED, nor did it result in readmissions. In fact, the number of visits had decreased throughout this study period. There also was a decrease in admission to SNF after surgery. This rate decreased from 25% in 2011 to 14% in 2014. This decrease in SNF admission was purposeful. Prior data revealed a reduction in perioperative complications when patients returned home versus a SNF after adjusting for patient comorbidities [12] . We utilized this information to guide our patients preoperatively to find adequate support for home discharge with the utilization of in home services provided by our institution. Further, the accelerated rehabilitation instilled confidence in the patients regarding their postoperative ambulation as well as performing activities of daily living. This resulted in many more patients feeling comfortable going home rather than to a SNF.
At the same time the accelerated rehabilitation protocol was administered and a transfusion protocol was also adopted. This was specifically to address the exceedingly high number of transfusions that were administered following arthroplasty procedures. Our results show a dramatic decrease in the rate of transfusion from 30.1% in 2012 to 6.9% in 2014. This dramatic decrease is likely due to the adoption of a transfusion protocol based on specific triggers as well as to the more widespread adoption of the use of tranexamic acid amongst all of the surgeons at the institution [13] . Transfusions have been shown to increase risk of prosthetic joint infection [14] . Adoption of an accelerated rehab protocol at our institution has proven to be safe, while the reduction in ALOS, transfusions, and reduction in SNF transfer translate into significant cost savings to the total joint program at our institution.
Conclusion
Standardization of care inclusive of perioperative patient education, aggressive pain management, blood management, and rapid discharge has led to improved patient outcomes as well as reduced length of stay. The standardization needs to be evidence based and a consensus must be reached by all participating surgeons at an individual facility to minimize variation. (1) total joint education packet given to patient (including DVD of the shared decision making process),
(2) first date patient wishing to have surgery entered into the surgery request, (3) adequate X-rays are completed for templating within 12 months, (4) blood management protocol initiated:
(a) males with Hb over 13 and females with Hb over 12, no predonation, (b) for males with Hb less than 13 and females with Hb less than 12, referral for anemia work-up,
